
LA-UR-77-12U

TITLM:
PLW-SYSTEH MULTIANGLE LIGHT-SCATTERING STUDIES :

A PROGRESS REPORT

AUTHOR(S):

G. C, Salzman, D. E. Burger, M. Bartholdi, and B. J. Price

SUBMKI”I’EDTO:

g! Proceedings of the Third International Symposium on

Pulee-CytophotornetrY,held in Vienna, Auetria

(March 30-April 1, 1977); European Press, Ghent, Belgium

Uy wcepl[~nw of thi~ nr(lclr ror puhllcntlon, (hc
publlkhcr recoKnlztw !hc Government’n (Ilwnsc) riuh[-
In any mrpyrlght ttnd ihr{;mcrnn~cnt and iln ntilhori{rd
rcprenrnltitlvl”~ h~te unruolrit>lcd rlwhl to reprudwc In
wholr or In purl nuld artlclr under un} corvrlilht

tecured bs Iht’ pul)ll~hur.

The I.-oh Alllrnon Scirfiliflr I,ulmrutory roqurnl~ thut thr
publlrnhcr Idcntif} Ihlo nrtlclc II- work pcrrormt,d under
the auupkw or Ihc (! SLIII)A.

W:10s demos

s~l-ntlfic laboratory
of tho Unlvorslty of California

10S AlAMOS, NEW ME XICOB7645

q??R

#$h \

/\
l)’ ‘),

An Allltmoliwc Attion/Equal Oppottunlty [mploywr

(I NI’I’I;I) S’1’i\’l’KS
p,,!,,, S(, 14111
SI s!, W:’)

RNltito Y ltlJ,slt!\l((’11 Axll

I ;“,
l) E\’ltl#o l’\ll’:N’1” ,\l)kll N1.~’l’l{,\’l’l(lx

CON’I’iiA(:’I’ \1’.71(I:I. KX(i, ;III

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov



PMf-SYSTDd MULTIA.NC71 LICWT-SCATTERIW STUDIE5~ A PROCRLSS REPORT

b

G. C. Smlnwn, D. E. Bur8cr,1 H. Bartholdi, z tnd B, J. Price

Biophysics ●nd Inatrurnntacion Croup, Los Alamos Scicncific Laboratory

Univeru.lty of California, Loo Alam-os, New Mexico 87545 USA

INTRoDUCTION

In principle, the -rphology of ● ●catt~ring object uniquely determines Itn lig+t-scattering pattern.

Thio indicttao that light ocacterirrg might provide a powerful tool both for the ●nalyaim of cells and for

discrimination of cells from heterogeneous populations. Smll-angle light ●catccring from both psrticleo

●nd biological cells ham been shown t~ be a maasura of their cite (1-9). A rrumbar of ●uchoro havo domn-

strated the utility of liBht ocmtterirrg ● t larSar ●nglds fJr cell discrimination (7,10-16). U@ prooonc in

thlm paper ● progream report on the analymio of psrciclon ●nd tisnua cultura calls by multilngle light-

mcattoring mea8urernentB.

UATERIALS AND KRHODS

The instrument iu shown in Fig. 1 ●nd ha- been dascribad in ooma detail in ● prtvious paper (14), A 3-

ti helium-neon laser beam (632,8 nm wavelength) is focused by ● 150-mm focal langth spherical lerla into a

●sline-filled (n - 1.3345) flow chamber (17) where it intersects ● oheath flw ●ncasad 20- to IO-urn diameter

asline nample otreamo Light ocatterod from ● cell in the ●mple straarn is detectad by ● photodiode ●rray

containing 32 individual photodiodeo in a concentric ring configuration ana ● back-angle (176°) detector

(18). Tho current pulma rosultins from ● light fltoh on ●ach of tha rinsn in ~lificd logarithmically ●nd

tha peak of ●ach puloe ●anscd ●nd held. Thtiso held Iavcla ● rc than multlplaxed into ●n ●nalog-to-digital

converter ●nd storad in ● computer mormry,

Tha data ● ra procensad by ● clumcar ●nalymis cochnique dcacribad elscuhora (14), Tha cluoter reprtocn:-

ing the rsw ocatter patternm from ● oampls of lo-pm diarnoter polyscyrana latcm sphcrco i- chow-n in Fig, 2,

Tho ●ncloacd ● rea repreoanco a band two standard davlations wide around the ●varaae ocatcar pattern Cor the

group, The ring numborn “Paramater” are ralatrd to tha trur ncatterlng angle shown in Table 1. After

thm raw data ara corrmctad for det~ctor nonuniformiticn, detector sr~a, datactor diotance, laser power,

logmrlthmic amplifier gain, and analog-ta-rligical convrrtar gain, Lho pattern- ohould bo proportional to

tho ●ctual chattering lntanaity. Figuro 3 ●howo the maan of the 10-pm ●phara data in Fig. 2 promonced ao

ralative intanaity VJ ●ngla. Tho thrmc data pointo betwcan 2“ ●nd 3° wara ramved bacausa of problems with

mmplifiar#. ThQ lines concocting tha points ● rm not meant to rcpreaenc the data. N~to that, for thio

highly rofractila sphara (indax of refraction ralativa to water = 1.20), tho apparent datailad atructuro in

tha raw dnta (Fig. 2) ia proca~ed in tha corrected data (Fig, 3),
—
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BIW1.TS AND DISCUSSION

Am ●synchronous population of Chinaoe hamster ovary (CHO) timoue culcur’u cellm wmm fixed In 1.5X

Slutarildehyda ●nd latar resuspended in nor-l saline, TIIia particular preparation produced ● ●ignificst,t

number of cells from which the cycoplasm had been ramoved. Thio nuclei subpopulaticn wan identl[icd by

comparison wiLh a ●amplo containing only CHO nuclei, The raw data cluatcro are shcwn in Fig. 4, and the

corrected averate aracter pattern from each cluster i- nl~own in Fig. 5. Note again the chrec ❑icstng d~ca

points batween 2“ snd 3“, For both the whole CHO cell- and nuclei, the region between 1“ and 2“ is well

vithin the diffraction-domintitad forward ocattaring lobe, and the data can be expected to indicate relatlve

cell oize. Berond [ha fo~a[d scattering lobe, contributions dua to reflection and refraction dominate the

pattarn. Thorcfore, intarnal otructurm such ●s the presence of the nucleus can bc expeccud to contribute

●i~nificmtly to ths pactorn. One aurprioing feature of thcae data ia che lack of ● truccure in the pattern,

‘fh!~ may ba dua co the larso angular range subtordad by the detector elemenLa at largur angles and the 1 w

refractive index of the CHO cello relative to water (m - 1,02 to 1,03) (19). Another Inl

of thesa data is that the nuclel and whola cell ● cacter patcernB fo

mngular range above 3“.

SU?MARY

low eacl) other clo~e

cresting faature

y over m broad

Hultiangla liaht-acaccer pacterna for 10-pm diameter polyotyreno latex mlcroophcres and for

~lutaraldahydc-fixad CNO calla mnd nuclei are prementzd as relative scattering intensity VS correctrd

ocatterins angle, Thio short pronantation io mcanc only to bo a rtport of work in progress, The data arc

preliminary, ●nd work im now under way to compsra the microsphere data with exact elcctroma~nctic chcory

calculacionc.
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TA8LE 1

M!lAtTIfflS#lP BETUEEHPARAMETERMlf8SR M FIG. 2 MD

ACTUALSCATTERINGAHGLESUBTESDSD

Param@er Number Mean Angle (“) Half-Angle Subteoded

1 0.00 0.14

2 0.2$ 0.05

3 0.43 0.05

k 0.58 O*O6

5 0.73 0.06

6 0.89 0.06

7 1.05 0.07

a 1.23 0.07

9 1.41 O.O!J

10 1.62 0.09

11 1.(I5 0.10

12 3.05 0.17

13 3.46 0.19

14 3.91 0.22

15 4.43 0.2s

16 5.01 0.29

17 ;.66 0.33

18 6.39 0.37

19 7*21 0.41

20 8.11 0.46

21 9011 O*S1

22 10.22 0.56

23 11.43 0.61

24 12.74 0.67

25 14.17 0.72

26 15.69 0.77

27 17.32 0.82

28 19,03 0.86

29 20.82 0.90
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?1s. 1.

?ig. 2.

Fig. 3.

?ig. 4,

Fig. 5.

rmm LEGENDS

&hemcic drawint of tho fl~:otm wltiangle light-scattering imetr=nt, Tbe backmcatter

ietector wee mot used in these ~aaur~nto.

Cluster representing the raw ●catcer patterrrn

Tho ebociasa gives rint rider (see Tabla 1),

corracted scattered light intensity.

The ●verage of 430 corrected scatter

abscissa given true scattering angle

(log-scale). Note thst three point-

* clwtera of

contalnink some

only nuclei.

raw scatter pattema

from a sample of 1O-P diameter latex mlcrosphcre~,

●nd the ordinate giveu the logariLhm of the un-

The ordinate nubers are ‘co be ignored.

pattern- for the 1O-LIMsphere data ohown in Fig. 2. The

(log-scale), and the ordinate gives relative scatter intensity

are missing between 2“ and 3“.

fr~ ● ample of Chinese hamater ovary tlmnue culture cells

stripped nuclei. The nuclei were identified by comparison with a sample containing

Tho avara~e

intensity.

scatter pattarn from each of the cluaterta ahwn in FLg. 3 corrected to rclatlve scatter

Note the thrae miming data points between 2“ and 3“.
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